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 2 
Abstract 22 
There is an ongoing controversial discussion whether n-alkane lipid biomarkers – and organic 23 
matter (OM) of loess in general – reflect a syn-sedimentary paleoenvironmental/-climate signal 24 
or whether they are significantly affected by post-depositional “contamination”, for example 25 
related to root- and rhizomicrobial activity. In order to address this issue at our study site (the 26 
Middle to Late Weichselian loess-paleosol sequence Gleina in Saxony, Germany), we 27 
determined and compared radiocarbon ages of bulk n-alkanes and sedimentation ages, as 28 
assessed by optically stimulated luminescence (OSL) dating. 29 
The bulk n-alkanes of the four dated samples yielded calibrated 14C ages ranging from 24.1 to 30 
49.7 cal. ka BP (95.4% probability ranges). While the three uppermost n-alkane samples are 31 
well within the range or even slightly older than the OSL-inferred sedimentation ages, the 32 
lowermost n-alkane sample is slightly younger than the OSL ages. There is hence no/little 33 
evidence at our study site for n-alkanes in loess-paleosol sequences being significantly 34 
“contaminated” by deep subsoil rooting or microbial processes. We propose a 14C isotope mass 35 
balance calculation for estimating such contaminations quantitatively. Radiocarbon dating of 36 
bulk n-alkanes might have great potential for Quaternary research, and we encourage further 37 
comparative 14C and OSL studies. 38 
 39 
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Introduction 45 
 46 
Loess-paleosol sequences (LPS) are important terrestrial archives for reconstructing Quaternary 47 
climate and landscape history (e.g., Zöller and Faust, 2009; Frechen, 2011; Marković et al., 48 
2011; Stevens et al., 2011; Kadereit et al., 2013; Meszner et al., 2013, Antoine et al., 2013). 49 
While biomarkers have been proven for decades to be of outstanding value as molecular fossils 50 
in marine and lacustrine sediments (Eglinton and Eglinton, 2008), they have been much less 51 
investigated in LPS (for a review see e.g., Zech M. et al., 2011b). This has several reasons, 52 
amongst others, but primarily is due to the generally very low concentration of organic matter 53 
(OM) in loess. 54 
Only during the last decade, plant leaf wax-derived lipids, particularly long-chain n-alkanes, 55 
have come into focus of organic geochemists using LPS as paleoenvironmental/-climate 56 
archives (Xie et al., 2002, 2003; Zhang et al., 2006; Bai et al., 2009). The popularity of n-57 
alkanes as biomarkers can be attributed to the relatively easy procedure to extract and analyse 58 
them in the laboratory, as well as their recalcitrance and the good preservation in loess. This 59 
allows obtaining results even from loess samples with low organic content. Furthermore, n-60 
alkanes can be used to infer vegetation changes in terms of grasses (dominated by the n-alkane 61 
homologues nC31 and nC33) versus deciduous trees (dominated by the n-alkane homologues 62 
nC27 and nC29)(Kirkels et al., 2013; Schäfer et al., 2016b) It may be noteworthy that soil 63 
microbial degradation can affect n-alkane patterns and may need to be considered in certain 64 
cases (Zech M. et al., 2009; Buggle et al., 2010; Nguyen Tu et al., 2011; Zech M. et al., 2013a; 65 
Schäfer et al., 2016a). Last but not least, the compound-specific hydrogen isotope (δ2H) 66 
signature of n-alkanes and its coupling with the compound-specific oxygen isotope (δ18O) 67 
signature of hemicellulose-derived sugar biomarkers are emerging as highly innovative 68 
paleoclimate tools in loess research (Liu and Huang, 2005; Zech R. et al., 2013; Zech M. et al., 69 
2013c). 70 
A major and crucial assumption of all paleo-reconstructions based on n-alkanes, as well as on 71 
any other biomarker in loess, is that the n-alkanes are deposited syn-sedimentarily and are not 72 
“contaminated” significantly by post-depositional processes. This issue, however, has been 73 
highly disputed for several years (Wiesenberg, 2012 versus Zech M. et al., 2012a; Wiesenberg 74 
and Gocke, 2013 versus Zech M. et al. 2012b; Gocke and Wiesenberg, 2013 versus Häggi et 75 
al., 2014). Gocke et al. (2010; 2013a; 2013b) claimed that a significant overprinting of loess 76 
OM, including n-alkanes, occurred during the Holocene and still occurs in modern times by 77 
deep subsoil rooting and rhizomicrobial deposition even in loess distant to former roots. Given 78 
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that the interpretation of n-alkane biomarker patterns alone is not straightforward for 79 
reconciling this controversy, comparative 14C and optically luminescence dating (OSL) can 80 
serve as elegant alternative approach. Post-depositional root/rhizomicrobial contamination 81 
would result in a rejuvenation of the syn-sedimentary leaf wax-derived n-alkanes in loess. OSL, 82 
by comparison, yields (syn-sedimentary) sedimentation ages. While 14C-dating of n-alkanes has 83 
already been proven to be a powerful tool in soil science and marine sediments (Lichtfouse and 84 
Eglinton, 1995; Huang et al., 1999; Kusch et al., 2010), this method is up to now rarely applied 85 
in loess research. Only recently, Häggi et al. (2014) performed compound-specific 14C-dating 86 
of individual n-alkane homologues after gas chromatography (GC) separation on a preparative 87 
GC. They found the n-alkanes to yield 14C ages that agree well with the luminescence ages for 88 
the investigated LPS Crvenka in Serbia. However, those results are still awaiting verification 89 
from other sites and compound-specific 14C-dating is very laborious. This latter disadvantage 90 
maybe overcome by 14C-dating of purified bulk n-alkane fractions (Haas et al., 2016). 91 
The aim of this study was therefore to evaluate the potential of bulk, rather than compound-92 
specific, n-alkane 14C-dating for answering the question whether n-alkane biomarkers in loess 93 
are primarily syn-sedimentary or whether they are significantly contaminated by 94 
root/rhizomicrobial organic matter. Bulk n-alkanes were extracted, purified and dated for the 95 
Middle to Late Weichselian LPS Gleina in Saxony, Germany. The sedimentation ages were 96 
assessed by OSL dating, while the methodological limits of this approach need to be kept in 97 
mind, i.e. possible age under- or overestimation due to post-depositional sediment mixing or 98 
insufficient bleaching. We propose a 14C isotope mass balance calculation to estimate the 99 
potential post-depositional root-/rhizomicrobial contamination quantitatively. 100 
 101 
Material and Methods 102 
 103 
The loess-paleosol sequence Gleina 104 
 105 
Loess and paleosol samples were collected from the LPS Gleina (51° 13’50’’ N, 13° 14’ 33’’ 106 
E), which is located in the Saxon Loess Region, Eastern Germany (Lieberoth, 1963; Haase et 107 
al., 1970; Meszner et al., 2011). A detailed description of the stratigraphy was provided by 108 
Meszner et al. (2011). In brief, the uppermost meter is built up of decalcified material 109 
representing the Holocene pedogenetic impact. Major parts of the Holocene soil (Luvisol) are 110 
truncated and a plough horizon (Ap-horizon) nowadays forms the topsoil. According to the pan-111 
European loess stratigraphic model suggested by Marković et al. (2015), this unit refers to S0. 112 
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Below, down to approximately 8 m depth and referring to L1LL1 according to Marković et al. 113 
(2015), six paleosols, which can be described as fossil gelic Gleysols and fossil brown tundra 114 
Gleysols, alternate with loess layers (Fig. 1A). From approximately 8 m on, there is strong 115 
evidence for accumulation of partly reworked material. In situ pedogenesis contributed to the 116 
formation of a fossil gelic Gleysol in approximately 8.5 m depth and to the formation of the 117 
decalcified so-called “Gleina complex” (defined by Lieberoth, 1963 and Meszner et al., 2013 118 
and referring to L1SS1 according to Marković et al., 2015) in approximately 10 m depth. The 119 
underlying so-called “Lommatzsch Soil Complex” (Lieberoth, 1963) was sampled from a 120 
nearby profile (approximately 20 m) and is separated in the sketch by an unconformity. 121 
Modern root contamination partly occurred in the upper 4.5 m of the sequence, whereas hardly 122 
any modern roots were found in the lower part of the sequence. The risk of modern lateral root 123 
contamination was minimised by setting back the exposure wall by at least half a meter over 124 
the whole height of the exposure. Few rhizoliths, presumably documenting a Holocene root 125 
contamination, were found in the fossil gelic gleysol in 2 m depth. 126 
 127 
n-Alkane preparation, radiocarbon dating and quantification of post-depositional n-alkane 128 
contamination by roots 129 
 130 
For radiocarbon dating of the bulk n-alkanes, four samples were selected from the Gleina loess-131 
paleosol sequence, for which n-alkane concentrations and patterns were already investigated 132 
and published (Zech M. et al., 2013a; cf. Fig. 1 therein). The samples were chosen according 133 
to their n-alkane concentrations (sum of long-chain n-alkanes >3 µg/g) and their stratigraphic 134 
position. While the samples 15 and 19 represent a weakly developed gleysol and a loess unit, 135 
respectively, from the upper part of the Gleina section (with no signs for re-working), the 136 
samples 21 and 23 represent a weakly and a strongly developed gleysol, respectively, from the 137 
lower reworked part of the Gleina section (Fig. 1). For comparison, two approximately 160 ka 138 
old samples from LPS Tumara, NE-Siberia (Zech M. et al., 2010) and a modern litter sample 139 
were analysed as radiocarbon dead and modern reference materials, respectively (Table 1). 140 
The n-alkane preparation followed the procedure described by Häggi et al. (2014). In brief, free 141 
lipids were obtained with a Dionex ASE 200 accelerated solvent extractor using 142 
dichloromethane and methanol. n-Alkanes were purified and eluted over aminopropyl columns. 143 
Subsequent further purification steps involved AgNO3 and zeolite (Geokleen) pipette columns 144 
(McDuffee et al., 2004) and served to obtain as clean bulk n-alkane fractions as possible 145 
(chromatograms are shown in Fig. 2). Radiocarbon measurements were conducted on an 146 
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accelerator mass spectrometer (MICADAS, Ionplus) system at the Laboratory for Ion Beam 147 
Physics (LIP), ETH Zurich. Radiocarbon ages were converted to calendar ages using OxCal 148 
4.2 (Bronk Ramsey, 2009) and the IntCal13 calibration curve (Reimer et al., 2013). Calibrated 149 
14C ages (cal. ka BP) are provided as 95.4% probability range in Table 1 and Figure 1B. All 150 
bulk n-alkane radiocarbon data were corrected for a vacuum line combustion blank of 0.4 ± 0.1 151 
µg C with a fraction of modern carbon (F14C) of 0.7 ± 0.2 (Table 1) using an isotope mass 152 
balance according to Shah and Pearson (2007). 153 
 154 
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 156 
 157 
Optically stimulated luminescence (OSL) dating 158 
 159 
A numerical chronostratigraphy of the section Gleina was established by OSL dating using fine 160 
grain (4–11 µm) quartz separates. Eight luminescence samples, generally from loess below or 161 
above paleosols and covering the depth from 2.9 to 10.8 m, were taken during night time and 162 
prepared in the laboratory for equivalent dose (De) determination using standard methods for 163 
fine grain quartz dating (e.g., Fuchs et al., 2005). The OSL measurements were carried out on 164 
Risø TL/OSL DA-15 luminescence readers using blue light stimulation (470 Δ 30 nm). Signals 165 
were detected in the UV band (340 Δ 80 nm). For De determination on 12 aliquots per sample 166 
a standard single aliquot regenerative (SAR) protocol according to Murray and Wintle (2000) 167 
was applied using the first 0.2 s after subtracting the background from the last 4 s of the shine-168 
down curves. SAR protocol parameters were previously deduced from test measurements and 169 
the purity of the quartz extracts was tested by infrared light (IR) stimulation. The mean De and 170 
its standard error for each sample were used for age calculation. For dose rate calculation the 171 
U, Th and K concentration were measured using ICP-MS (K) and thick source alpha-counting 172 
(e.g., Zöller and Pernicka, 1989). The α-effectiveness (a-value) was measured for each sample 173 
following the procedure described in Mauz et al. (2006) and Lai et al. (2008) and resulted in a 174 
mean a-value of 0.04 with a standard deviation of 0.01 (n = 8; cf. Table S1). The cosmic dose 175 
rate was calculated according to Prescott and Hutton (1994). A water content of 20 ± 5 % was 176 
used. Further methodological details on the luminescence dating are given in the supplement.  177 
 178 
Results and Discussion 179 
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 180 
n-Alkane patterns  181 
 182 
The n-alkane chromatograms of the four 14C-dated n-alkane samples reveal a bimodal pattern 183 
(Fig. 2). The long-chain n-alkanes (>nC25) are characterised by a high odd-over-even 184 
predominance (OEP), i.e. particularly the n-alkanes nC27, nC29, nC31 and nC33 are by far more 185 
abundant than the n-alkanes nC28, nC30 and nC32. Such patterns are typical for leaf wax-derived 186 
n-alkanes (Eglinton and Hamilton, 1967; Kolattukudy, 1976). The dominance of nC31 indicates 187 
that grasses were the main source (Maffei, 1996; Zech M. et al., 2013a; Schäfer et al., 2016b). 188 
The compounds nC18 and nC20 also occur in relatively high amounts; in sample 15 additionally 189 
nC21 and nC22 (Fig. 2). While these n-alkanes typically do not or hardly occur in higher plant 190 
leaf waxes (Kuhn et al., 2010), Wiesenberg et al. (2009) showed that charring of grass biomass 191 
at 400 °C to 500 °C produces such n-alkane patterns. Soil microorganisms are reported to 192 
produce short- and mid-chained n-alkanes, too (Grimalt and Albaigés, 1987; Buggle et al., 193 
2010; Zech M. et al., 2011a). We hence conclude that apart from plant leaf waxes, also charred 194 
biomass and soil microbial biomass likely contributed to the investigated n-alkane fractions 195 
with short-chained n-alkanes serving as respective molecular markers. 196 
 197 
14C ages of the bulk n-alkane samples 198 
 199 
Radiocarbon dating of the bulk n-alkane fractions of the two approximately 160 ka old samples 200 
from the LPS Tumara (Zech M. et al., 2010) yielded very low blank-corrected F14C values of 201 
0.0072 and 0.0025 (Table 1). However, due to the error propagation after Shah and Pearson 202 
(2007) the absolute errors are relatively large (0.0145 and 0.0269, respectively, resulting in 203 
relative errors >50%). According to convention, minimum ages were therefore not calculated 204 
using the corrected F14C values, but twice the absolute errors (Table 1), which yielded 14C n-205 
alkane minimum ages of >28.4 and >23.5 ka BP. For comparison, the modern litter sample 206 
yielded a corrected F14C value of 1.0234, corresponding to a 14C n-alkane age of -185 ± 75 a 207 
BP (Table 1). Thus, the 14C n-alkane results of the radiocarbon dead and modern reference 208 
materials corroborate the reliability of the here performed bulk n-alkane 14C analyses. 209 
The bulk n-alkanes of the four dated loess-paleosol samples from the LPS Gleina yielded blank-210 
corrected F14C values ranging from 0.028 to 0.058. This corresponds to calibrated 14C ages of 211 
32.0 ± 4.5 cal. ka BP, 27.2 ± 3.6 cal. ka BP, 38.7 ± 11.0 cal. ka BP and 33.1 ± 7.2 cal. ka BP 212 
for the samples 15, 19, 21 and 23, respectively. While the mid values suggest the occurrence of 213 
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chronostratigraphic inconsistencies/age inversions (Fig. 1B), the large 95.4% probability 214 
ranges, which are calculated according to the error propagation of Shah and Pearson (2007) and 215 
which have to be taken into account, actually do not support this first impression. 216 
 217 
OSL ages and establishment of a chronostratigraphy for the Gleina LPS 218 
 219 
OSL fine grain quartz ages and their De values are shown in Table 3 and Fig. 1. Age results are 220 
given as mean and 2-σ standard error. All age values consistently increase with profile depth 221 
and within errors no age inversion occurred. The quartz luminescence signals were bright, fast 222 
decaying and highly reproducible for the determined preheat and dose recovery tests. For all 223 
samples no significant feldspar contamination (IRSL/OSL < 1%) was detected. Consequently, 224 
the derived De distributions show narrow scatters (cυ ca. 5%). The dose rate (supplementary) 225 
varies between 3.1 ± 0.2 Gy/ka (BT836) and 3.5 ± 0.2 Gy/ka (BT842) showing typical values 226 
for loess deposits from this region (e.g., Kreutzer et al., 2012). 227 
For the uppermost part of the profile (ca. 3 m up to ca. 8 m) ages between 24.5 ± 2.7 ka (BT835) 228 
and 26.6 ± 2.9 ka (BT839) indicate rapid aeolian deposition during Marine Isotope Stage 2 229 
(MIS2, Lisiecki and Raymo, 2005). These results are in accordance with previous findings from 230 
the Saxonian Loess Region (Meszner et al., 2011; Kreutzer et al., 2012; Meszner et al., 2013). 231 
The onset of loess sedimentation at ca. 10 m was attributed to the MIS3 (BT842: 45.6 ± 5.3 ka, 232 
BT840: 39.0 ± 4.4 ka). Below a hiatus at ca. 10.2 m the sediment was dated to the early 233 
Weichselian (72.8 ± 8.1 ka BT844, MIS5a to MIS4). This hiatus has been observed for all 234 
investigated loess profiles in the Saxonian Loess Region. In contrast to other investigated loess 235 
profiles in Saxony (Ostrau, Seilitz: Kreutzer et al., 2012; Meszner et al., 2013), where the onset 236 
of loess sedimentation has been dated to ca. 30 ka (transition MIS3 to MIS2), the Gleina loess 237 
OSL ages reveal an onset of loess deposition earlier in MIS3. These findings may indicate 238 
locally favoured loess accumulation and preservation due to its special morphographic position 239 
on the northernmost boundary of loess distribution in the Saxonian Loess Region. However, 240 
although unlikely in our case, an age overestimation due to an incomplete signal resetting 241 
during secondary translocation processes cannot be fully excluded, since it is not possible to 242 
detect any incomplete signal resetting using fine grain quartz dating. On the other hand, 243 
although greatest care was taken during sampling, an age underestimation due to post-244 
depositional mixing by bioturbation might add some uncertainty with regard to interpreting the 245 
luminescence ages. The above processes have opposite effects and might cancel each other out, 246 
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and we consider them as being covered by the provided standard errors. Further details on the 247 
luminescence dating results are provided in the supplement.  248 
 249 
Comparison - towards a quantification of post-depositional n-alkane contamination 250 
 251 
The comparison of the 14C bulk n-alkane ages with the OSL ages (Fig. 1B) shows that within 252 
errors the bulk n-alkanes of the three uppermost samples 15, 19 and 21 are well within the range 253 
or even slightly older than the OSL-inferred sedimentation ages for the LPS Gleina. This 254 
finding contradicts the thesis of a significant post-depositional n-alkane contamination by 255 
roots/rhizomicrobial organic matter in loess. Especially, for sample 15 where mid-chain length 256 
(i.e. C20-C25) compounds present a dominant fraction, this finding has further implications. It 257 
either may indicate that the deposited charred biomass is of syn-sedimentary age or that 258 
microbial contribution of mid-chain n-alkanes was also syn-sedimentary and didn’t affect the 259 
radiocarbon age. 260 
Only the lowermost n-alkane sample 23 is slightly younger than the OSL ages (Fig. 1B). As 261 
mentioned above, an OSL age overestimation due to solifluction, cryo- or bioturbation, and 262 
incomplete signal resetting (i.e. partial bleaching) cannot be fully excluded for these sediments. 263 
Nevertheless, assuming that all OSL ages reflect sedimentation ages it could be argued that 264 
sample 23 was contaminated post-depositional by root-/rhizomicrobial-derived n-alkanes and 265 
is therefore too young. In order to quantify the post-depositional contamination, we estimated 266 
for this sample the syn-sedimentary F14C value based on the (here interpolated) OSL age (42.3 267 
± 7.1 ka, Table 2) according to the equation 268 
F14Csyn-sedimentary =  2
1
2
1 T
t
÷
ø
ö
ç
è
æ      (Eqn. 2), 269 
where t is the estimated uncalibrated 14C age (assuming that OSL age = calibrated 14C age and 270 
using the intercept method and the IntCal13 calibration curve of Reimer et al. (2013) and 2
1T  271 
is the half-life time of radiocarbon (5730 a). In the same way, we estimated F14C for 272 
contaminating roots (Table 2). On the one hand, we suspected a more or less modern (F14C 273 
value of 1.0) or last decadal n-alkane contamination by roots/rhizomicrobial deposition. Levin 274 
et al. (1985) observed atmospheric F14C values of more than 1.2 from 1962 to 1985 and up to 275 
almost 2.0 F14C in the year 1963 due to nuclear weapon tests in the Northern Hemisphere. A 276 
F14C value of 1.2 can be used to estimate contamination that occurred during the last decades. 277 
On the other hand, we suspected a Holocene root/rhizomicrobial contamination and calculated 278 
according to Equation 2 the theoretical F14C values for three Holocene time points (3 ka, 6 ka 279 
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and 9 ka, see Table 2). This is based on the finding of Gocke et al. (2010) and Pustovoytov and 280 
Terhorst (2004) that rhizoliths in last-glacial loess are of Holocene age. 281 
The percentage of post-depositional n-alkane contamination “x” was then calculated using a 282 
14C isotope mass balance approach according to the equation 283 
 284 
x % = 
entarysesynentarysepost
entarysesyncorrected
CFCF
CFCF
dim
14
dim
14
dim
1414
--
-
-
-
   (Eqn. 3). 285 
 286 
Confidence intervals were calculated based on the F14C and OSL errors (Table 2). Accordingly, 287 
a modern and last decadal root/rhizomicrobial n-alkane contamination of 3% (confidence 288 
interval 1–5%) or a Holocene contamination of up to 9% (confidence interval 2–14%) cannot 289 
be fully excluded for this particular sample 23. 290 
At this point, it should be mentioned that all radiocarbon ages are relatively close to their 291 
methodological age limit, and that the errors bars are therefore relatively large. Nevertheless, 292 
our results lend further support to suggest that long-chain n-alkanes are not significantly 293 
contaminated by post-depositional organic matter. This is in agreement with findings from 294 
Häggi et al. (2014) based on compound-specific 14C dating of n-alkanes (and long-chain n-295 
alkanoic acids) in the LPS Crvenka, Serbia. Haas et al. (2016) also reported good agreement of 296 
14C ages from bulk n-alkanes with luminescence ages for the LPS Kurtak, Central Siberia. It 297 
may thus not be necessary in all cases to do compound-specific radiocarbon dating, which is 298 
very laborious and requires specialized equipment and large amounts of samples. Dating bulk 299 
n-alkanes, i.e. at the compound-class level, has probably great potential for future loess-300 
paleosol research. 301 
 302 
Conclusions 303 
 304 
For the investigated LPS Gleina, three out of four 14C bulk n-alkane ages are well within the 305 
range or even slightly older than the OSL-inferred sedimentation ages. Only the fourth and 306 
lowermost sample may contain in absolute worst case scenarios up to 5% of modern/last 307 
decadal root-derived n-alkanes or up to 14% of Holocene root-derived n-alkanes based on 14C 308 
isotope mass balance calculations. Our results show that (i) n-alkane biomarkers at our study 309 
site are not significantly contaminated by depositional organic matter, (ii) short and mid-chain 310 
n-alkanes have also a syn-sedimentary age, and (iii) 14C dating of leaf wax-derived bulk n-311 
alkanes in loess-paleosols has great potential as complementary dating-tool for Quaternary 312 
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research. More comparative bulk 14Cn-alkane and OSL dating studies should be performed at other 313 
study sites, ideally also covering younger loess-paleosol deposits, i.e. not so close to the 314 
radiocarbon dating limits. 315 
The results of our study suggest that in suitable LPS, the contamination of older deposits with 316 
younger carbon is not a significant contributor to the carbon budget of the sediments. However, 317 
such an observation should be determined empirically for each study site to exclude the 318 
possibility of post-depositional movement of young carbon into older sediments. 319 
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Fig. 2: GC-FID n-alkane chromatograms for the four radiocarbon-dated bulk n-alkane samples. 527 
The x-axes represent the retention time in minutes; the y-axes represent the GC-FID 528 
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Sample name Labcode
Material: purified
bulk n -alkanes from μg C
d13C
(‰)
Measured
F14C Error
Corrected1 
F14C Error
2
14C Age
(ka BP) 
Error
(ka)
Calibrated Age3
(cal. ka BP)
sample 12/9x ETH 53126.1.1 42.9 -20.0 0.0136 0.0009 0.0072 0.01454 >28.4 n.a. n.a.
sample 12/9j ETH 53127.1.1 30.3 -24.1 0.0118 0.0010 0.0025 0.02694 >23.5 n.a. n.a.
sample 5L ETH 53129.1.1 modern litter 45.7 -20.8 1.0205 0.0092 1.0234 0.0094 -0.2 0.1 n.a.
sample 15 ETH 53125.1.1 36.4 -20.4 0.0442 0.0014 0.0366 0.0078 26.6 1.9 27.5 - 36.5
sample 19 ETH 53124.1.1 25.9 -32.0 0.0680 0.0022 0.0581 0.0106 22.9 1.6 24.1 - 31.2
sample 21 ETH 53122.1.1 26.9 -29.9 0.0387 0.0016 0.0284 0.0142 28.6 5.6 27.7 - 49.7
sample 23 ETH 53123.1.1 28.8 -27.3 0.0482 0.0017 0.0391 0.0105 26.0 2.5 26.0 - 40.3
1 Corrected for a vacuum line combustion blank of 0.4±0.1 μg C with a F14C of 0.7±0.2
2 Error propagation after Shah and Pearson (2007)
3 Calibration done with OxCal  4.2 and the IntCal13 calibration curve (Bronk Ramsey, 2009; Reimer et al., 2013).
4 Relative error >50%. Therefore, according to convention, minimum ages were not calculated using the corrected F14C value, but twice the absolute error.
the Gleina loess-paleosol 
sequence
Table 1: Results of radiocarbon analyses for the purified bulk n-alkane fractions of reference materials and four investigated samples from the Gleina loess-paleosol 
sequence.
~160 ka old sediments
Sample
name
(depth in m) 
Corrected
F14C
Sedimentation
OSL age (ka)
Estimated uncalibrated 
syn-sedimentary
14C ages1 (ka)
Syn-sedimentary
F14C2
Suspected time of
contamination
(ka / cal. ka BP)
Post-
sedimentary
F14C
Percentage
root/rhizomicrobial 
contamination
Error range
based on F14C 
and OSL errors
modern 1.0000 3% 1 - 5%
last decades 1.2000 2% 1 - 4%
0.0391 ± 0.0105 42.3 ± 7.1 3.0 / 3.2 0.6957 4% 1 - 7%
6.0 / 6.9 0.4839 6% 1 - 10%
9.0 / 10.1 0.3366 9% 2 - 14%
2 calculated according to equation 2.
1 assuming that OSL age = calibrated 14C age and using the intercept method and the IntCal13 calibration curve (Reimer et al., 2013).
Table 2: 14C isotope mass balance calculation for quantifying potential post-depositional contamination with root-/rhizomicrobial-derived n-alkanes.
38.1
(31.4 - 45.9)
0.0100
(0.0039 - 0.0220)
Sample 23
(9.8)
 
Table 3: OSL quartz fine grain age estimates  
Sample Depth 
[m] 
n Fit De 
[Gy] 
Age 
[ka] 
BT835 2.9 12/12 EXP+LIN 80.4±0.69 24.5±2.7 
BT836 3.4 12/12 EXP+LIN 71.04 ±1.14 22.9±2.6 
BT837 5.3 12/12 EXP+LIN 89.73±1.72 26.5±3.1 
BT838 6.2 12/12 EXP+LIN 88.17±0.92 28.0±3.0 
BT839 7.9 12/12 EXP+LIN 87.71±0.99 26.6±2.9 
BT840 9.8 12/12 EXP+LIN 132.91±1.33 39.0±4.4 
BT842 10 12/12 EXP+LIN 161.38±1.25 45.6±5.3 
BT844 10.8 12/12 EXP+LIN 235.46±2.41 72.8±8.1 
Note: Ages given as mean with 2-sigma uncertainty 
